Abstract. Epithelial tumors of the lacrimal gland are histologically similar to salivary gland tumors. Here we report on a rare case of mucoepidermoid carcinoma (MEC) in a 73-year-old man with a swelling of the left lacrimal gland. The tumor had a microscopic appearance consistent with a classical low-grade MEC of the lacrimal gland. There were no signs of recurrence or metastases during a five-year followup. Using RT-PCR and FISH we demonstrated that the tumor was positive for the CRTC1-MAML2 gene fusion previously shown to be associated with in particular low-grade salivary MECs with favorable prognosis. By immunohistochemistry we showed that the majority of tumor cells, including epidermoid, intermediate and mucous producing cells, expressed the CRTC1-MAML2 fusion protein. In contrast, 15 non-MEC lacrimal neoplasm were fusion-negative. Our findings show that lacrimal MEC is not only clinically and morphologically but also genetically identical to MECs originating from other exocrine glands, including those of the lung, thyroid, cervix and salivary glands. Taken together, the present and previous studies further emphasize the fundamental biologic and genetic similarities among MECs developing from different anatomical sites and organs. Moreover, our findings indicate that the CRTC1-MAML2 fusion may be a useful diagnostic and prognostic biomarker for lacrimal MEC.
Introduction
Mucoepidermoid carcinoma (MEC) of the lacrimal gland is a rare tumor comprising about 1-2% of all lacrimal gland neoplasms (1, 2) . Lacrimal MEC usually appears as a painless, slowly enlarging mass in the upper temporal part of the orbit, that causes proptosis and medial/downwards displacement of the eye (3). The mean age of patients at presentation is 49 years and females are more often effected than men (F:M=3:2) (1). MEC is traditionally graded in low-, intermediate-and high-grade tumors (4) . Low-grade MECs have an excellent prognosis and usually only require surgical excision whereas high-grade MECs have a poor prognosis despite intense treatment strategies (1) . Previous cytogenetic studies have identified a t(11;19)(q21-22;p13) translocation as a recurrent and tumor-type specific rearrangement in MECs of the salivary glands (5) . More recent studies have shown that this translocation results in a fusion of the transcriptional coactivators MAML2 and CRTC1 (6) (7) (8) . MAML2 belongs to a family of Mastermind-like, nuclear proteins that functions as coactivators for Notch receptors whereas CRTC1 belongs to a family of highly conserved CREB (cAMP response element-binding protein) coactivators. The CRTC1-MAML2 fusion encodes a chimeric protein consisting of the CREB-binding domain of CRTC1 linked to the transactivation domain of MAML2. The fusion protein activates transcription of in particular cAMP/CREB target gene (7, 9, 10) . Furthermore, clinical studies have demostrated that patients with fusion-positive MECs have a significantly better prognosis compared to those with fusion-negative tumors, thus establishing CRTC1-MAML2 as a clinically useful biomarker for MEC (11) (12) (13) . Here we describe the first case of a MEC of the lacrimal gland with expression of the CRTC1-MAML2 gene fusion.
Patients and methods

Clinical history.
A 73-year-old male presented with a swelling located temporally in the upper left eyelid (Fig. 1A) . The patient had noticed the mass for ~6 months. Clinical examination revealed a 2x1 cm firm slightly tender tumor at the site of the lacrimal gland. Visual acuity and eye motility was normal. A computed tomography scan showed a diffuse enlargement of the left lacrimal gland measuring 2x1.5 cm (Fig. 1B) . The tumor had a uniform appearance and diffuse and low signal intensity after contrast injection. A lateral orbitotomy was performed and the tumor was removed en bloc. There was no CRTC1-MAML2 gene fusion in mucoepidermoid carcinoma of the lacrimal gland recurrence and the patient died of non-tumor related causes five years after surgery.
Tumor material. In addition to the lacrimal MEC, we had also access to formalin-fixed paraffin-embedded (FFPE) tumor material from 15 non-MEC lacrimal neoplasms, including 5 pleomorphic adenomas, 5 carcinoma ex pleomorphic adenomas and 5 adenoid cystic carcinomas. As a positive control we used cDNA from a previously described t(11;19) positive salivary MEC (11) .
Histopathology and immunohistochemistry. The FFPE tumor tissue was sectioned and stained with haematoxylin and eosin, periodic acid-Schiff (PAS) and alcian blue according to standard protocols. Immunohistochemistry was performed with the Dako EnVision™+ System (Dako A/S, Glostrup, Denmark) using antibodies to the following antigens: cytokeratin (clone MN116, code no. M0821, Dako), vimentin (clone Vim 3B4, code no. M7020, Dako), epithelial membrane antigen (clone E29, code no. M613, Dako), glial fibrillary acidic protein (code no. Z0334, Dako), S-100 (code no. Z0311, Dako), smooth muscle actin (clone 1A4, code no. M0851, Dako), carcinoembryonic antigen (clone II-7, code no. M7072, Dako) and α-fetoprotein (code no. A0008, Dako). The CRTC1-MAML2 fusion protein was detected using a polyclonal, fusion-specific antibody as previously described (11) . Negative control sections were incubated identically except for the primary antibody, which was replaced by normal rabbit serum/mouse IgG.
RT-PCR and FISH analyses for detection of the CRTC1-MAML2 gene fusion.
Total RNA was extracted from three 20-µm FFPE tissue sections using the RNeasy FFPE Kit (Qiagen, Hilden, Germany). The RNA was subsequently converted to cDNA using the SuperScript™ First-Strand Synthesis System (Invitrogen, Karlsruhe, Germany) with random hexamer primers as recommended by the manufacturer. As a control for intact RNA and cDNA, an RT-PCR reaction for expression of ACTB was performed using the following primers: forward 5'-ATCA CCATTGGCAATGAGCG-3' and reverse 5'-TTGAAGGTAGT TTCGTGGAT-3' (amplification of a 98-bp product). The CRTC1-MAML2 fusion transcript was amplified by nested PCR. The first round PCR was carried out using the primers CRTC1-54F 5'-GAGAAGATCGCGCTGCAC-3' and MAML2-1855R 5'-CTTGCTGTTGGCAGGAGA-3' (amplification of a 150-bp product) and the second round PCR was performed using the primers CRTC1-99F 5'-GCCTTCGAGGAGGTCA TGA-3' and MAML2-1834R 5'-GGTTAACTACCTGTTTTCT TTTCAAGG-3' (amplification of a 85-bp product). The PCR product was subsequently gel-purified and sequenced using an ABI PRISM 310 Genetic Analyzer (Applied Biosystems, Foster City, CA). Fluorescence in situ hybridization (FISH) analysis of FFPE tissue sections (3 µm) was performed using the ZytoLight ® SPEC MAML2 Dual Color Break Apart Probe (ZytoVision, Bremerhaven, Germany). The protocols for pretreatment and hybridization were essentially as recommended by the manufacturer. After being washed, the sections were counterstained with 40,60-diamidino-20-phenylindole dihydrochloride (DAPI). Slides were examined in a Zeiss Axioplan 2 fluorescence microscope (Carl Zeiss, Oberkochen, Germany) equipped with appropriate filter sets.
Results
Histopathological features. Macroscopic examination of the surgical specimen revealed a circumscribed tumor with grayish-white lobulated cut surfaces. Microscopically, the tumor was surrounded by a pseudocapsule and composed (Fig. 1C) . The epidermoid cells had large nuclei and a strongly eosinophilic cytoplasm without signs of keratinisation. The mucous-producing cells had prominent nucleoli and light eosinophilic cytoplasms. Occasional clear cells were observed. The mucous stained positive with PAS and alcian blue. The degree of anaplasia was low and only a few mitoses were observed. There were no signs of neural invasion or necrosis. The epidermoid tumor cells stained positive for cytokeratin and epithelial membrane antigen whereas the stromal cells were positive for vimentin and smooth muscle actin. Neither the tumor cells nor the stromal cells expressed S-100, α-fetoprotein, carcinoembryonic antigen or glial fibrillary acidic protein. Taken together, these findings are consistent with the diagnosis of a low-grade MEC of the lacrimal gland.
Expression of CRTC1-MAML2 fusion transcript and protein.
RT-PCR analysis of cDNA prepared from the lacrimal MEC revealed expression of an 85-bp CRTC1-MAML2 fusion transcript (Fig. 2) . This transcript was also detected in a t(11;19) translocation-positive salivary MEC but not in 15 non-MEC lacrimal gland neoplasms (data not shown). The identity of the PCR-product was confirmed by nucleotide sequence analysis, which demonstrated a fusion between exon 1 of CRTC1 and exon 2 of MAML2 (Fig. 2) . FISH analysis of FFPE sections of the tumor using a MAML2-specific dual color break apart probe, revealed rearrangements of MAML2, consistent with a CRTC1-MAML2 gene fusion in the majority of tumor cells analyzed (data not shown). In contrast, rearrangements of MAML2 were not observed in any of the intermingled and surrounding stromal cells.
The expression of the CRTC1-MAML2 fusion protein was also studied by immunohistochemistry using a custommade polyclonal CRTC1-MAML2 antibody. Consistent with the FISH-results, we observed distinct nuclear staining in the majority of tumor cells, including epidermoid, intermediate, and mucous producing cells (Fig. 1D) .
Discussion
Epithelial tumors of the lacrimal gland are rare and MEC only constitutes a few percent of these; the most common lacrimal gland neoplasms being pleomorphic adenomas and adenoid cystic carcinomas. Here we report on a rare case of lacrimal MEC in a 73-year-old man. The tumor had a microscopic appearance consistent with a low-grade MEC. There were no signs of recurrence or metastases during a 5-year follow-up, after which the patient died of non-tumor related causes.
Since we and others previously have shown that MECs originating from the major and minor salivary glands, lung, thyroid, and cervix are characterized by a recurrent CRTC1-MAML2 gene fusion (6, 7, 11, 14, 15) , we decided to investigate whether this fusion also occurs in MEC of the lacrimal gland. Using RT-PCR and FISH we demonstrated that the present case of lacrimal MEC indeed was fusion-positive. By immunohistochemistry we also showed that the majority of tumor cells, including epidermoid, intermediate and mucous producing cells, expressed the CRTC1-MAML2 fusion protein. In contrast, 15 non-MEC lacrimal tumors were fusionnegative, indicating that CRTC1-MAML2 is a MEC-specific fusion also in the lacrimal gland. These findings, which are in agreement with our previous observations in salivary MEC (11) , further strengthens the notion that the CRTC1-MAML2 fusion is an early genetic event in the pathogenesis of MEC. Previous studies have also shown that sustained expression of the fusion is necessary for growth of MEC tumor cells (16) . Taken together, these observations indicate that the CRTC1-MAML2 fusion is an oncogenic driver mutation in MEC and as such the fusion may also be a highly relevant therapeutic target. An identical CRTC1-MAML2 gene fusion has also been identified in metaplastic variants of Warthins tumor and in clear cell hidradenomas of the skin (7, 14, 17) , thus broadening the spectrum of neoplasms associated with this gene fusion.
The present case shows that lacrimal MEC is not only clinically and morphologically but also genetically identical to MECs originating from other exocrine glands. The frequency of the CRTC1-MAML2 fusion in lacrimal MEC remains unknown. However, previous studies have shown that up to approximately 80% of salivary MECs are fusion-positive and that the fusion preferentially occurs in low-grade tumors with an excellent prognosis (11) (12) (13) (14) . This is in agreement with the present case which was a low-grade, fusion-positive MEC with favorable prognosis. Based on these findings we suggest that the CRTC1-MAML2 fusion will be a useful diagnostic and prognostic biomarker also for lacrimal MEC.
The results of the present study are in line with the recently suggested concept that MEC may be divided into several clinically, morphologically and genetically different subgroups, that is i) fusion-positive low-and intermediate-grade tumors with mainly favorable outcome, ii) fusion-positive high-grade tumors with unfavorable prognosis, and iii) fusion-negative tumors that may be more appropriately categorized as another tumor type, such as for example adenosquamous carcinoma (11, 13) . Further studies of MEC and MEC-like tumors of the lacrimal gland are necessary to find out how they fit into this scheme.
